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(54) PROCESS FOR PRODUCING 1 -AMINO-1 ,2,3-TRIAZOLE 

(57) This invention is to provide a process for preparing 1-amino-1 .2,3-triazole represented by formula (III): 



N 




/ 



N 



(III) 



comprising cyclizing glyoxal bishydrazone represented by formula (1): 
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CH=N-NH2 
CH=N-NH2 
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by reaction with an aqueous hydrogen peroxide solution in the presence of a catalytic amount of a transition metal oxide 
represented by formula (I Q : 
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wherein M represents a transition metal atom; and m and n, which may be the same or different, each represent an inte- 
ger o1 1 to 5. 
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Description 
TECHNICAL FIELD: 

5 This invention relates to a novel process for preparing 1 -amino-1 ,2,3-triazole which is an intermediate lor producing 
1 ,2.3-triazole, a starting material for antibiotics useful as drug. 

BACKGROUND ART: 

10 Several processes for preparing N-amino-1 ,2,3-triazole derivatives have hitherto been known (see Adv. in Hetero- 
cycl. Chem.. VoL 53, p. 1.13 (1992)). 

These conventional techniques have their several disadvantages and are not necessarily satisfactory when applied 
to industrial production. For example, a process starting with 1 .2.3-triazole has such problems that 1,2,3-trlazole itself 
is expensive, and the positional selectivity of 1- or 2-amination and chemical yield in the amination are low (see 2h. Org. 

75 Khim.. Vol. 28. p. 1320 (1992) and Japanese Patent Publication (unexamined) No. Hei 5-502884 (International Patent 
Publication No WO 92/00981)). A process starting with glyoxal bisbenzoylhydrazone requires two steps, and the chem- 
ical yield reached is as extremely low as not higher than 10%. Moreover, the working efficiency of the process, when 
applied to mass production of N-amino-l,2.3-triazole from the glyoxai bisbenzoylhydrazone, is inordinately poor (see 
Ber. d. D. Ghem. Gesellschaft. Vol. 42, p. 659 (1909)). 

20 Processes for preparing a 1 -amino-1 ,2,3-triazole derivative represented by formula (V): 



30 



NHR» 



wherein R"" and R^, which may be the same or different, each represent a phenyl group, a methyl group, a hydrogen 
atom, etc.; and represents a benzoyl group, a urethane derivative residue, a hydrogen atom, etc., provided that R\ 
R^ and R^ are not simultaneously a hydrogen atom, 
35 comprising oxidative cyclization of a 1 ,2-bishydrazone derivative represented by formula (IV): 

CR^=N-NHR^ 

I (IV) 
CR2=N-NHR^ 

wherein R\ R^, and R^ are as defined above, 

are known, as disclosed in Ber. d. D. Chem. Gesellschaft Vol. 59B, p. 1742 (1926), Tetrahedron Lett. . No. 34, p. 3295 
45 (1967), and Synthesis, p. 482 (1976). However, each of these processes requires an expensive or highly toxic reagent, 
such as activated manganese dioxide, lead tetraacetate, silver oxide or potassium ferricyanide, in excess, e.g.. in an 
amount of 2 to 5 equivalents to the 1 .2-bishydrazone derivative. Therefore, the processes not only incur Increased pro- 
duction cost but give rise to an environmental problem in disposal of waste water, in addition, the publications have no 
mention of synthesis of unsubstituted 1-amino-1.2.3-triazole by ring closure of unsubstituted glyoxal bishydrazone. 
so An object of the present invention is to provide a process for preparing 1 -amino- 1 ,2,3-triazole on an industrial scale 
which is safe, easy to carry out, and economical with solving the problems caused by the conventional techniques. 
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DISCLOSURE OF INVENTION: 

• 1 =™nn 1 2 3-tria20le represented by tormula (III): 
0) The present invention relates to a process tor preparing 1 -am.no-1 .2.3 tnazole 
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(III) 



comprising 



;ing cyclizing glyoxal bishydrazone represented by formula (I): 



CH=N-NH2 
I 

CH=N-NH2 



(I) 

of a catalytic amount of a transition metal 



by reaction with an aqueous hydrogen pero»de solution h the presence 
oxide represented by formula (II): 
» M„0„ 

with manganese dioxide. 

,-.n of ^ 2 3-triazole 1-amino-1.2.3-tr«zole m prepared by the process of 
The steps involved for the preparation d IfrS^n^heme- 
35 the pVesent Invention are illustrated by the following reactron scheme. 
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^ Glyoxal bishydrazone (I) which is used as a starting material in the present invention is a known compound and can be 

synthesized in accordance with, e.g., the process described in Chem. Ber. Vol. 1 01 , p. 1 594 (1968). In some detail, gly- 
oxal bishydrazone (I) can be obtained by reacting glyoxal (VI) or an aqueous solution thereof with hydrazine monohy- 
drate (VII) or an aqueous solution thereof with or without a solvent. The resulting glyoxal bishydrazone (I) may be used 

5 either as prepared and isolated or after being purified. 

The reaction solvent which can be used for carrying out the present invention is not particularly limited as far as it 
is inert to the reaction. Suitable solvents include aliphatic alcohols, such as methanol, ethanol. propanol, isopropyl alco- 
hol, butand, and ethylene glycol; halogenated hydrocarbons, such as chloroform, dichloromethane, and dichlo- 
roethane; aromatic hydrocarbons, such as benzene, toluene, and xylene; aliphatic hydrocarbons, such as hexane. 

10 heptane, and octane; acetic esters, such as methyl acetate and ethyl acetate; aprotic polar solvents, such as ace- 
tonitrile. N,N-dimethylformamide, N.N-dimethylacetamide. and dimethyl sulfoxide; and water. These solvents may be 
used either individually or as a combination thereof. 

The transition metal oxide which can be used as a catalyst includes an oxide of a transition metal. e.g.. tungsten, 
titanium, molybdenum, copper, iron, or cerium, such as tungsten (VI) oxide, titanium (IV) oxide, molybdenum (VI) oxide, 

75 copper (I) oxide, copper (II) oxide, iron (III) oxide, and cerium (IV) oxide. These transition metal oxides may be used 
either individually or as a combination thereof. 

The transition metal oxide (II) is used in an amount of 0.001 to 1 mol, preferably 0.01 to 0.2 mol. per mole of the 
compound (I), and a 30% aqueous hydrogen peroxide solution is used in an amount of 0.5 to 5 mol, preferably 1 to 2 
mol. per mole of the compound (1). The reaction temperature is from O'^C up to about the boiling point of the solvent 

20 used, preferably 5 to 80*^0. The reaction time is 1 to 50 hours, preferably 2 to 15 hours. 

Manganese dioxide having active oxygen which can be used In the present Invention preferably include activated 
manganese dioxide, manganese dioxide for dry cells, and manganese dioxide for ferrite. These manganese dioxides 
can be obtained by a known process according to prescription for laboratories, or commercially available products for 
use in dry cells or for production of ferrite can also be utilized as such. For example, manganese dioxide for dry cells 

25 having an effective oxygen content of not less than 91% and manganese dioxide for ferrite having an effective oxygen 
content of not less than 94% are produced and commercially sold by Tosoh Corporation. These manganese dioxides 
may be used either individually or as a mixture thereof. The term "effective oxygen content** used herein means a purity 
percentage of the oxygen contained as manganese dioxides per the total manganese oxides. Therefore, the manga- 
nese dioxides used in the present invention may have the above contents of trivalent manganese oxide as an impurity 

30 as well as quadrivalent manganese oxide. 

The manganese dioxide is used in an amount of 1 to 5 mol, preferably 1 .5 to 3 mol, per mole of the compound (I). 
The reaction temperature is from O^C up to about the boiling point of the solvent used, preferably 5 to 80*C. The reac- 
tion time is 1 to 48 hours, preferably 2 to 15 hours. 

The compound obtained can easily be purified by commonly employed purification means, such as recrystalliza- 

35 tion, chromatography, and distillation. The corrpound can be used in the next reaction either as obtained or after puri- 
fication. 

1-Amino-1 ,2,3-triazole (III) obtained by the process of the present invention can be led to afinal desired compound. 
1,2.3-triazole (IX), through deamination generally known in organic chemistry in accordance with, e.g.. the process 
described in Ber. d. D. Chem. Gesellschaft. Vol. 42, p. 659 (1909). Tetrahedron Lett.. No. 34, p. 3295 (1967). and sUtf 
40 The Chem. Soc.. Perkin Trans. I. p. 1 (1975). 

BEST MODE FOR CARRYING OUT INVENTION: 

The present invention will now be illustrated In greater detail with reference to Reference Examples and Examples, 
45 but it should be understood that the present Invention is not deemed to be limited thereto. 

REFgRENCg E?<AMP|.g 1 
Preparation of GIvoxal Bishvdrazone (\) 

so 

In a reactor were charged a 40% aqueous solution of 1.45 g of glyoxal (VI), 1 .00 g of hydrazine monohydrate, and 
1 0 ml of water, and the mixture was stirred at room temperature for 1 hour and then at 1 00*C for 3 hours. After comple- 
tion of the reaction, the solvent was evaporated under reduced pressure, the residue was extracted with ethyl acetate, 
and the extract was dried over anhydrous sodium sulfate. The solvent was evaporated under reduced pressure, and the 
55 residue was purified by silica gel column chromatography to obtain 813 mg (94%) of glyoxal bishydrazone (I). 
Melting point: 85-87'*C 

^H-NMR (DMSO-de): 7.31 (s. 2H). 6.57 (s. 4H) 

Mass (El) m/e: 86 (M*^) 

IR (KBr) cm*'': 3344. 3161, 1577, 1075. 919 
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EXAMPLE 1 

S ynthftsis of 1 .Amino-1.2.3-tria20le (III) 

s ,n a reactor were charged 430 of glyoxa. bishydrazone (.) obtain^ in r'^^j^-- ^^^^^^ S oi 

and he mixture was stirred at room temperature. To the "^^^^'^ ^f^^^^^^^XT^urs Me" completion of the 

reS«e^=~-^^^ -^^^ ^ 

Obtain 309 mg (yield: 74%) of 1-amino-l.2.3-triazole (III). 

10 Boiling point: 124-125*»C/6 mmHg 
Melting point: 49-50*^0 

1 H-NMR (DMSO-de): 7.89 (S. 1 H). 7.64 (S. 1 H). 7.00 (S. 2H) 
Mass (FAB*) m/e: 85 (M*+1) 

15 EXAMPLE 2 

■Q Y"*hi:>c;i<:; of 1 .Amip ^--* .^.^"'^'iazQle (ill) 

25 pie 1. 

EXAMPLE 3 

Qy^^hoQi ft nf 1.Amino -i ,9,?-trlazQle (111) 
plel. 

PXAMPLE 4 

g ynthftsis Of 1- Aminn.1.P.?-triaZOle (III) 

and the mlMu-e was stKred al room ^'"'■^'^'""V^.^ZTt^S^ M» cwlaw ol » 
pie 1. 

pXAMPLE 5 

cy»|hi.c.c i.AminQ-1 ? 3-triazole (III) 

and the miaute was slined at room le"Pe'al"'e- J? •^.r*'^ w ,2 hou s Attet completion ol the 

give 244 mg (yield: 58%) ol l-amino-1.2.3-triazole (111). 
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The data ot ^H-NMR (DMSO-de) and Mass (FAB*) m/e, boiling point and melting point were the same as in Exam- 
ple 1. 

EXAMPLE 6 

5 

Synthesis of 1 -Amino-1 .2.3-triazole (1111 

In a reactor were charged 430 mg of glyoxal bishydrazone (I) obtained in Reference Example 1 and 5.0 ml of water, 
and the mixture was stirred at room temperature. To the mixture were added 86 mg of cerium (IV) oxide and 0.5 ml of 
10 a 30% aqueous hydrogen peroxide solution, followed by stin-ing at that temperature for 1 2 hours. After completion of the 
reaction, any insoluble matter was removed by filtration, and the solvent was evaporated under reduced pressure to 
obtain 265 mg (yield: 63%) of Vamino-1 ,2.3-tria2ole (III). 

The data of ^H-NMR (DMSO-de) and Mass (FAB*) nVe, boiling point and melting point were the same as In Exam- 
ple 1. 

75 

EXAMPLE 7 

Synthesis of 1 -Amlno-1 .2.3-tria2ole fllH 

20 In a reactor were charged 813 mg of glyoxal bishydrazone (I) obtained in Reference Example 1 and 1.0 ml o1 eth- 
anol, and the mixture was stin-ed at room temperature. To the mixture was added 2.0 g of manganese dioxide for dry 
cells (a product of Tosoh Corp.; effective oxygen content: 91% or more; hereinafter the same), followed by stirring at the 
same temperature for 2 hours. Then, 1 .0 g of manganese dioxide for dry cells was further added thereto, and the stirring 
was continued at that temperature for an additional period of 5 hours. After completion of the reaction, any insoluble 

25 matter was removed by filtration, and the solvent was evaporated under reduced pressure to give 720 mg (yield: 91%) 
of 1 -amino-1 ,2.3-tria2ole (III). 

The data of ^H-NMR (DMSO-de) anci Mass (FAB*) m/e. boiling point and melting point were the same as in Exam- 
ple 1. 

30 EXAMPLE 8 

Synthesis of 1-Amlno-1 .2.3-trlazole (110 

In a reactor were charged 813 mg of glyoxal bishydrazone (I) obtained in Reference Example 1 and 1.0 ml of eth- 
35 anol, and the mixture was stirred at room temperature. To the mixture was added 2.0 g of manganese dioxide for ferrite 
(a product of Tosoh Corp.; effective oxygen content; 94% or more; hereinafter the same), followed by stin-ing at the 
same temperature for 2 hours. Then, 0.5 g of manganese dioxide for ferrite was further added thereto, and the stirring 
was continued at that temperature for 5 hours. After completion of the reaction, any insoluble matter was removed by 
filtration, and the solvent was evaporated under reduced pressure to give 720 mg (yield: 91%) of 1 -amino-l .2.3-trja2ole 
40 (III). 

The data of ^ H-NMR (DMSO-de) and Mass (FAB*) m/e, boiling point and melting point were the same as in Exam- 
ple 1. 

REFERENCE EXAMPLE 2 

45 

Synthesis of 1 .g.S-Triazole Hvdrochloride (VIH) 

In a reactor were charged 710 mg of 1 -amino-1, 2,3-tria20le (III) obtained in Example 1 and 7.0 ml of water, and 5.5 
ml of 2N hydrochloric acid was added thereto under cooling with ice, followed by stin-ing. A solution of 1 .16 g of sodium 

so nitrite in 4.0 ml of water was slowly added thereto dropwise at the same temperature, followed by stirring at room tem- 
perature for 3 hours. After completion of the reaction, the solvent was evaporated under reduced pressure, and to the 
residue was added ethanol. The precipitated insoluble matter was removed by filtration, and the solvent was evaporated 
under reduced pressure to give 810 mg (yield: 91%) of 1 , 2.3-triazole hydrochloride (VIM). 
Melting point: 126-128'C 

55 ^H-NMR (CDCI3): 12.31 (brs. 2H), 7.86 (s, 2H) 
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RFFERENCE EXAMPLE 3 
Rynthftsis of 1 g a.Triazole 

To 800 mg of 1.2,3-tria20le hydrochloride (VIIO obtained in Reference Example 2 was added 2.0 ml of a saturated 
aqueoufsoSon of'^xiium h^ro'gencarbonate for neutralization. Ethanolwas JcW^ ^-^-f^'^^^^^^^ ^^^^^^ 
under reduced pressure to remove the solvent. To the residue was added ^'^'^'^^^^''^^^L^ 
"emoved by f irtration. The filtrate was evaporated under reduced pressure to remove the solvent, and the resriue was 
distilled under reduced pressure to give 300 mg (yield: 57%) of 1.2.3-triazole (IX). 
Boiling point: 95-97»C/20 mmHg 
^H-NMR (CDQa): 15.15 (brs. 1H). 7.86 (s. 2H) 



EXAMPLE 9 

,5 .qprial Synthesis of 1.2.3-Tri3 rnlft flX^ fromGlvoxal (VI) 

In a reactor were charged a 40% aqueous solution of 5.80 g of glyoxal (VI), 4.00 g of hydrazine monohydrate and 
40 mlof ^Tar^ ».e mLre was s«rred at room temperature for 30 minutes and than at 100«C for 3 hours _After 
a!c^ ng the reactbn mixture to cool. 93 mg of tungsten oxide and 6.0 ml of a 30% aqueots 
we^ Xd thereto, followed by stirring at «x,m temperature for 10 hours. The reacbon m,^^^^ 

to remove any insoluble matter. To the filtrate (a solution containing 1-amino.1.2 S-tnazole) ^f^f ^0 ml 
hydrochloric add under ice-cooling, followed by stirring. A solution of 5.52 g of sodium nrtrte .n 15^ ml of «ater 
sSS^aSledtheretodropwise at the same temperature, followed by stirring at room tempera^^^^ 

t^n of^e reaction. thTreaction mixture was rendered alkaline by addition of 3.50 g of ^^^^Z^'^^-'!^^ 
ammonium suHate was added thereto to prepare a saturated solution. The resulting ^'l"*"" ^J^^^f ^^f^^^^^^^ 
acetate, and the extract was dried over anhydrous magnesium sulfate. The ^^'ve^t was rer^^^ fSSe S)S 
reduced pressure, and the residue was distilled under reduced pressure to give 1.52 g (55%) of 1.2.3-triazole (IX). 
Boiling point: 95-97»C/20 mmHg 
^H-NH/IR (CDCI3): 15.15 (brs. 1H). 7.86 (s. 2H) 

INDUSTRIAL APPLICABIUTY: 

The process according to the present invention for preparing 1 -amino-1 .2.3-triazole (III) which is an important inter- 
medSefo^^hSng 1.2.3-triazole (IX). which is useful as a starting material of antibiotics, does not use a large 
aSX ofanCSsive or highly toxic reagent as required in conventional techniques. Therefore, the present >nventon 
Ss rt pisS F^^^^ at low cost without involving the problem of waste water disposal 

and thus brings about great industrial advantages. 

Claims 

1 . A process tor preparing 1 -annlno-1 .2.3-trlazole represented by tormula (III): 



20 



25 



30 



45 




50 



(III) 
NH2 

comprising cyciizing glyoxal bishydrazone represented by tormula (I): 
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CH=N-NH2 
I 



(I) 
CH=N-NH2 



by reaction with an aqueous hydrogen peroxide solution in the presence of a catalytic amount of a transition metal 
10 oxide represented by formula (IQ: . 

MmOn (") 

wherein M represents a transition metal atom; and m and n. which may be the same or different, each represent 
75 an Integer of 1 to 5. 

2. A process as claimed in claim 1, wherein said transition metal atom is tungsten, titanium, molybdenum, copper, 
iron, or cerium. 

20 3. A process as claimed in claim 1 , which comprises cyclizing said glyoxal bishydrazone represented by formula (I) by 
reaction with manganese dioxide. 

4. A process as claimed in claim 1 , wherein said manganese dioxide is activated manganese dioxide. 

25 5. A process as claimed in claim 1 . wherein said manganese dioxide is manganese dioxide for dry cells or manganese 
dioxide for ferrite. 
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